Verrucous carcinoma (VC), a variant of squamous cell carcinoma (SCC), is distinct from SCC in morphology and behavior. The underlying genetic changes involved in the development of VC and its precursor verrucous hyperplasia (VH) are unknown. This study determined whether chromosomal regions frequently lost during the development of SCC are also lost in the VH/VC variant. Twenty-five VH and 17 VC were analyzed for loss of heterozygosity (LOH) at 19 loci on 7 chromosome arms using microsatellite analysis. These data were compared with those from 47 reactive hyperplasias, 92 dysplasias (54 low-and 38 high-grade), and 41 SCCs. The results showed that VC/VH shared many of the losses present in dysplasia/SCC but differed in two aspects. First, VC/VH showed early acquisition of loss, compared with a gradual accumulation of losses from dysplasias to SCC. The LOH pattern of VH was similar to that of high-grade dysplasia and sharply different from reactive hyperplasia. The loss in VH often involved multiple arms (in 60% of VH vs 0% of reactive lesions). Only a marginal elevation of loss was observed at 9p (p ϭ 0.06) and 4q (p ϭ 0.05) from VH to VC because of the high degree of loss already present in VH. Second, a strikingly lower frequency of loss at 17p was noted in VH/VC compared with dysplasia/SCC and may indicate human papillomavirus (HPV) involvement. The finding of high-risk LOH profiles in VH may partly account for the high-progression risk seen for VH and also has potentially important clinical implications. The difficult pathological diagnosis of VH/VC from reactive hyperplasia frequently requires repeated biopsies and results in delay in diagnosis and significantly increased mortality/morbidity. Microsatellite analysis might facilitate this differential diagnosis. (Lab Invest 2001, 81:629 -634). O ral squamous cell carcinoma (SCC) is similar to SCC in many other organs (eg, uterine, cervix, skin, larynx, and pharynx) in that it is felt to develop in a multistep fashion through a series of histological stages with increasing risk of developing into invasive cancer, namely: epithelial hyperplasia; mild, moderate, and severe dysplasias; and carcinoma in situ (CIS). The presence of dysplasia and the breakage of the basement membrane (ie, invasion) are the hallmarks for judging malignancy in SCC (Fig. 1a) . However, verrucous carcinoma (VC) (Fig. 1b) , a variant of the conventional SCC in these organs, has unique clinicopathological features and biological behavior. VC and its precursor lesion, verrucous hyperplasia (VH) (Fig. 1c) , are characterized by a prominent verrucous configuration, yet show minimal or no dysplasia and no breakage of the basement membrane. In the oral cavity, VC and SCC differ in the site of occurrence, with VC most commonly in the cheek and alveolus/ gingiva and SCC on the ventrolateral tongue and floor of mouth (Jacobson and Shear, 1972) . VC does not metastasize, and it grows indolently (a 75% 5-year survival rate for VC versus less than 50% for SCC), although the growth is so relentless that long-term prognosis may still be dismal. Despite these differences, a close relationship also exists between VC and SCC. VH and VC often coexist with dysplasia and SCC, and VH and VC have been reported to progress into SCC (Shear and Pindborg, 1980; Slootweg and Muller, 1983) .
O ral squamous cell carcinoma (SCC) is similar to SCC in many other organs (eg, uterine, cervix, skin, larynx, and pharynx) in that it is felt to develop in a multistep fashion through a series of histological stages with increasing risk of developing into invasive cancer, namely: epithelial hyperplasia; mild, moderate, and severe dysplasias; and carcinoma in situ (CIS). The presence of dysplasia and the breakage of the basement membrane (ie, invasion) are the hallmarks for judging malignancy in SCC (Fig. 1a) . However, verrucous carcinoma (VC) (Fig. 1b) , a variant of the conventional SCC in these organs, has unique clinicopathological features and biological behavior. VC and its precursor lesion, verrucous hyperplasia (VH) (Fig. 1c) , are characterized by a prominent verrucous configuration, yet show minimal or no dysplasia and no breakage of the basement membrane. In the oral cavity, VC and SCC differ in the site of occurrence, with VC most commonly in the cheek and alveolus/ gingiva and SCC on the ventrolateral tongue and floor of mouth (Jacobson and Shear, 1972) . VC does not metastasize, and it grows indolently (a 75% 5-year survival rate for VC versus less than 50% for SCC), although the growth is so relentless that long-term prognosis may still be dismal. Despite these differences, a close relationship also exists between VC and SCC. VH and VC often coexist with dysplasia and SCC, and VH and VC have been reported to progress into SCC (Shear and Pindborg, 1980; Slootweg and Muller, 1983) .
Recent studies using microsatellite analysis have shown the presence of genetic changes detected in the form of loss of heterozygosity (LOH) in oral dysplasia and SCC. The accumulation of changes in hyperplasias and dysplasias is associated with the risk of progression (Ah-See et al, 1994; Califano et al, 1996; Field et al, 1995; Mao, 2000; Mao et al, 1996; Partridge et al, 1998 , 2000 Roz et al, 1996; Zhang et al, 1997 Zhang et al, , 2000 and the response of these lesions to treatment (Zhang et al, 2001) . The objective of the current study is to determine whether chromosomal regions frequently lost during the development of conventional SCC are also present in the VH/VC variant. This study used 19 microsatellite loci on 7 chromosome arms (3p, 4q, 8p, 9p, 11q, 13q, and 17p) in a set of samples containing VH and VC and, for comparison, reactive hyperplasia, dysplasia, and SCC.
Results

Demographic Analysis of Sample Sets
In this study, 224 cases belonging to six study groups were evaluated (Table 1) . These groups did not differ significantly in gender composition. Data on smoking habits was available for 77% of the cases (172 of 224 cases), with a similar proportion of cases in each of the six groups lacking information. The percentage of smokers in each group ranged from 49% to 71%, with no statistical difference between the groups. The lowest percentage of smokers was found in the reactive hyperplasia group. There was a trend toward increasing age with histological progression from reactive hyperplasia to low-grade dysplasia to highgrade dysplasia and, finally, to SCC (p Ͻ 0.0001). No significant difference in age was noted between VH and VC or between VH/VC and SCC.
Comparison of Allelic Loss between VH and Reactive Hyperplasia
Reactive lesions are a heterogeneous group. We initially categorized these lesions into two subgroups. The first group contained lesions that appeared as white patches in the oral cavity and histologically demonstrated hyperkeratosis and/or acanthosis (n ϭ 14). The second group included periodontitis, mucoceles, traumatic ulcers, and fibroepithelial polyps (n ϭ 33). However, because these two groups did not differ in the frequency of loss at any of the above mentioned arms, we combined these subgroups together into the reactive-lesion group (Table 2) .
LOH frequencies were significantly higher in VH compared with reactive lesions. The difference was especially striking for multiple losses (loss of more than one arm), which occurred in 15 of 25 (60%) VH (Fig. 2a ) but in none of the 47 reactive lesions (p ϭ 0.0001). VH consistently showed an elevated loss for each of the chromosome arms examined (p ϭ 0.0001-0.04). Table 3 compares LOH frequencies of VH with lowgrade dysplasias (mild/moderate) and with those of high-grade dysplasias (severe dysplasia/CIS). In terms of the amount of loss observed, VH more closely resembles a high-grade lesion. VH shows a greater frequency of loss than low-grade dysplasia, which is apparent as an increase in mean loss (p ϭ 0.0046), any loss (p ϭ 0.081), and multiple loss (p ϭ 0.026). In contrast, there was no significant difference in any of these parameters for VH versus high-grade dysplasias.
Comparison of VH and Dysplasia
When individual arms were considered, VH showed increased loss at 3p, 4q, and 11q (p ϭ 0.02 -0.03) and approached significance for LOH at 13q (p ϭ 0.057) when compared with low-grade dysplasias. Similar frequencies for VH and low-grade dysplasias were observed at 9p, 8p, and 17p. In contrast, when compared with high-grade dysplasia, VH showed a significantly lower loss only at 17p (p ϭ 0.0007) and a marginally lower loss at 9p (approaching significance, p ϭ 0.057). Table 4 compares LOH frequencies of VH with those of VC and VC with SCC (Fig. 2, b and c). LOH . Solid arrow shows that tumor growth is mainly endophytic with large bulbous rete ridges pushing downward relative to the normal location of the overlying oral epithelium (hollow arrow). The basement membrane is still intact. c, Photomicrograph of a verrucous hyperplasia (VH). The verrucous growth is exophytic (solid arrow indicates the normal location of the oral epithelium), and the basement membrane is intact.
Comparison of VH, VC, and SCC for Allelic Loss
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frequencies increased in VC compared with VH, but did not reach statistical significance, reflecting the high degree of LOH already present in VH (any loss, p ϭ 0.07; loss of more than one arm, p ϭ 0.081). With respect to specific arms, 9p and 4q showed a marginal increase between VH and VC (p ϭ 0.062 and 0.053, respectively). No difference in overall LOH frequencies was found between VC and SCC (p ϭ 1). However, the percentage loss at 4q is actually higher in VC than in SCC (p ϭ 0.041), although this may be due to the small sample size. SCC showed significantly increased loss on 17p (p ϭ 0.037) compared with VC.
Discussion
Although VC is distinct from SCC in morphology and behavior, the genetic factors that might contribute to these clinicopathological differences are unknown. The development of SCC is associated with specific genetic alterations. Whether these same alterations are involved in the VC phenotype has not yet been demonstrated. The current paper is the first to examine VC and its precursor VH for LOH in multiple chromosomal regions that are frequently altered in dysplasia and SCC.
The data show that VH and VC share many of the losses present in dysplasia and SCC; however, these losses are accumulated differently. Conventional SCC progression is characterized by a gradual accumulation of LOH on different chromosomal arms (Califano et al, 1996; Rosin et al, 2000) . For example, multiple loss, an indicator of malignant risk, is not seen in reactive hyperplasia (0% of cases in this study), but increases in frequency with increasing degree of dysplasia (31% of low-grade dysplasia, 76% of highgrade dysplasia) and SCC (80%). Some chromosomal regions are lost early in the progression (3p, 9p, and 17p), whereas other losses occur later in high-grade dysplasias or SCC (4q, 8p, 11q, 13q) . In contrast, VH, as a precursor lesion, has a strikingly different LOH profile from that of reactive hyperplasia or low-grade dysplasia. The loss in VH is frequent (60% with multiple losses) and often involves chromosome regions that are typically present only in Microsatellite analysis for three selected cases. Informative microsatellite markers were amplified from DNA derived from areas of epithelium containing lesion (including VH, VC, and SCC) or normal connective tissue stroma (C). Microsatellite markers being assayed are indicated above each block. a, Multiple loss of heterozygosity (LOH) in a case of VH (loss of the lower allele at D3S1300 and the upper allele at D9S171 and INT2). b, Multiple LOH in a case of VC (loss of the upper allele at D3S1228 and the lower allele at D9S171 and FABP). c, Multiple LOH in a case of SCC (loss of the upper allele at D3S1228 and tp53 and loss of the lower allele at D8S261 and D11S1778).
LOH in Verrucous Lesions
Laboratory high-grade dysplasia or SCC. Indeed, VH and highgrade dysplasia differ only at one arm, 17p (significantly lower in VH). The transition from VH to VC involves increases at 9p and 4q (approaching statistical significance, Table 4 ). VC is similar to SCC in LOH patterns except for lower frequencies of loss at 17p. The mechanism(s) that underlie such rapid accumulation of losses and the strikingly lower frequency of LOH at 17p is subject to speculation. The possibility of genetic instability in these lesions needs to be considered. Another possibility is a difference in etiology. The presentation of a remarkably verrucous configuration and cytological features of viral infection in VC have led to the conjecture of a viral etiology (Eisenberg et al, 1985) . This supposition has only been supported by inconsistent reports of human papillomavirus (HPV) DNA in these verrucous lesions, with detection frequencies varying from 0% to 87.5% of cases (Palefsky et al, 1995; Shroyer and Greer, 1991; Shroyer et al, 1993) . In a recent comprehensive study, Sidransky and co-workers reported a low rate of HPV in oral SCC (12% of cases) (Gillison et al, 2000) . However, other studies have reported different frequencies (Ostwald et al, 1994; Snijders et al, 1996) . HPV etiology for oral cancer may be better evaluated with improvements in the detection of different types of HPV. Our data, that VC and VH show a strikingly lower frequency of loss at 17p (near or in the tp53 locus) in VC compared with SCC, is consistent with the hypothesis of an HPV etiology for the verrucous lesions. The low rate of 17p loss could be explained by the assumption that p53 protein is inactivated by HPV protein through a ubiquitous pathway instead of through p53 mutation and chromosome losses (Gopalakrishnan et al, 1997) .
It is well documented that VH is a high-risk premalignant lesion (with a reported malignant transformation rate of 70%, Silverman and Gorsky, 1997) . In fact, some even regard VH as an early or variant form of VC instead of as a premalignant lesion (Murrah and Batsakis, 1994; Slootweg and Muller, 1983) . This high probability of transition may, in part, be explained by the LOH profiles in VH. Not only are these profiles similar to those seen in high-grade dysplasia (with the exception of lower 17p, Table 3 ) but also they resemble profiles characteristic of low-grade dysplasia at risk of progressing into cancer .
The finding of the high-risk LOH profiles in the verrucous lesions has important clinical implications. 
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The lack of dysplasia or breakage of basement membrane makes it difficult to differentiate VH from reactive hyperplasia. Without these "gold standards," diagnosis of these lesions is often challenging for pathologists. In fact, some studies have shown that it took an average of three to four biopsies before a correct diagnosis of VH or VC could be made (Biller et al, 1971; Jordan, 1995) . The sharp differences in LOH patterns between reactive hyperplasia and VH/VC suggest that microsatellite analysis may be a powerful tool for pathologists in the difficult diagnostic task of differentiating verrucous lesions from reactive lesions and may thus improve the prognosis of both VH and VC, because delay in diagnoses may result in anaplastic transformation of these lesions to SCC with increased mortality and morbidity (Hansen et al, 1985; Shear and Pindborg, 1980; Silverman and Gorsky, 1997) .
Materials and Methods
Sample Collection
Specimens were selected from archival paraffin blocks obtained from the Provincial Oral Biopsy Service at Vancouver Hospital and Health Sciences Centre, Vancouver, Canada. Six groups of lesions were used: (1) 47 reactive lesions (14 hyperkeratotic reactive oral lesions that histologically demonstrate hyperkeratosis and/or acanthosis and 33 other reactive oral lesions, including fibroepithelial polyp, mucocele, periodontitis, traumatic ulcer); (2) 25 VH; (3) 17 VC; (4) 54 low-grade dysplasia (mild and moderate); (5) 38 highgrade dysplasia (severe dysplasia and CIS); and (6) 41 invasive oral SCC. The low-grade dysplasia cases were previously analyzed for LOH changes in a separate study . Histological diagnoses of the specimens were reconfirmed by two authors (LZ and RP), both oral pathologists. The criteria used for the diagnosis of dysplasia were those established by the World Health Organization (WHO) Kramer et al (1978) . Criteria for the diagnosis of VH and VC were those described by Shear and Pindborg (1980) .
Tissues Microdissection and DNA Extraction
Areas of epithelial lesions (hyperplasia, VH, VC, dysplasia, CIS, or invasive SCC) were microdissected from sections stained with hematoxylin/eosin. The underlying stroma from each specimen was dissected and used as a source of matched control DNA. The microdissected tissues were digested in 300 l of 50 mM Tris-HCl (pH 8.0) containing 1% sodium dodecyl sulfate (SDS) and proteinase K (0.5 mg/ml) at 48°C and were spiked twice daily for 72 hours with 20 l of fresh proteinase K (20 mg/ml). The DNA was extracted with phenol-chloroform and precipitated with ethanol as previously described (Baker et al, 1990) . All samples were coded so that LOH analysis was performed without knowledge of diagnosis.
LOH Assay
The tp53 and D17S786) . These markers are localized in regions previously shown to be frequently lost in head and neck SCC. The protocol used for LOH analysis was detailed in Zhang et al (1997) . After PCR amplification, PCR products were separated on 7% urea-formamide-polyacrylamide gels and visualized by autoradiography. For informative cases, allelic loss was inferred when the signal intensity of one allele was at least 50% decreased in the DNA sample from a lesion, compared with the corresponding allele in the matching connective tissue DNA. All samples showing allelic loss were subjected to repeat analysis after a second independent amplification. Statistical Analysis. The Fisher's exact, unpaired t test and one way ANOVA were used for statistical analysis of the results. [Au: The following references have not been cited in the text: Batsakis et al, 1999; McCoy and Waldron, 1981; Medina et al, 1984.] 
